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Sublexica l  Processin g i n R e a d i n g Ch ines e 

Xiaolin Zhou and William Marslen-Wilson 
Departmen t  o f  Psycholog y 

Birkbec k College ,  Universit y  o f  Londo n 
Male t  Street ,  Londo n WCI E 7H X 

X.zhou@psychology.bbk.ac.u k 

Abstrac t 
The natur e o f  sublexica l  processin g i n readin g logographi c 
Chines e wa s investigate d i n thre e prime d namin g experiments . 
Experimen t  1  showe d tha t  phoneti c radical s i n lo w frequtncy 
comple x character s ar e automaticall y decompose d an d use d t o 
activat e thei r  ow n phonologica l  representations .  Experiment s 
2 an d 3  demonstrate d tha t  th e semanti c propertie s o f  thes e 
phoneti c radical s ar e als o activated .  I t  i s argue d tha t  sublexica l 
processin g i n readin g Chines e i s bot h a  phonologica l  an d a 
semanti c even t  an d ther e i s n o fundamenta l  differenc e betwee n 
sublexica l  processin g o f  phoneti c radical s an d lexica l 
processin g o f  singl e an d comple x charaaers .  Th e implication s 
of  thes e result s  fo r  theorie s o f  lexica l  processin g ar e discussed . 

Introduction 

Theorie s o f  visua l  wor d recognitio n diffe r  considerabl y i n 
thei r  assumption s abou t  th e natur e o f  sublexica l  processing . 
I n traditiona l  dual-rout e model s o f  readin g (e.g. ,  Coltheart , 
Curtis ,  Atkins ,  &  Haller ,  1993) ,  sublexica l  orthographi c 
unit s lik e " O W N "  i n rea l  word s (e.g. ,  T O W N)  o r  nonword s 
(e.g. ,  P O W N)  ar e use d mainl y a s input s t o grapheme -
phoneme conversio n rule s wlios e en d product s ar e 
phonemes .  I n mos t  connectionis t  model s o f  wor d readin g 
(e.g. ,  Seidenber g &  McClelland ,  1989) ,  th e sublexica l 
orthographi c unit s ar e primaril y th e inpu t  t o distribute d 
network s wiiic h comput e a  phonologica l  output .  Althoug h 
thes e unit s ar e als o th e inpu t  t o orthography-to-semantic s 
network s \\iiic h comput e th e semanti c outpu t  fo r  th e wdiol e 
lette r  strings ,  th e sublexica l  orthographi c unit s d o no t 
produc e detectabl e semanti c outpu t  o f  thei r  o w n eve n w h e n 
thes e unit s happe n t o b e word s themselve s (e.g. ,  O W N i n 
T O WN o r  B O Y i n B O Y C O T T ) ,  h i  model s o f  visua l  wor d 
recognitio n tha t  stres s th e predominan t  rol e o f  phonolog y i n 
initia l  lexica l  acces s an d i n acces s t o meanin g (e.g. .  Frost ,  i n 
press ;  Lukatal a &  Turvey ,  1994 ;  va n Orden ,  Pennington ,  & 
Stone ,  1990) ,  sublexica l  processin g o f  orthographi c unit s i s 
strictl y a  phonologica l  process ,  wiiic h activate s th e 
phonologica l  representatio n o f  th e wiiol e wor d befor e th e 
meanin g o f  th e wor d accessed .  Therefore ,  despit e thei r 
considerabl e difference s concernin g whethe r  th e sublexica l 
processin g i n readin g alphabeti c word s i s rule-base d an d 
h o w th e computatio n from  orthograph y t o phonolog y i s 
conducted ,  mos t  localis t  an d connectionis t  theorie s o f  visua l 
wor d recognitio n shar e th e c o m m o n assumptio n tha t  th e 
stiblexica l  processin g i n readin g i s primaril y o r  strictl y a 

phonologica l  even t  an d i t  differ s rathe r  drasticall y from 
lexica l  processing ,  v M c h activate s bot h phonologica l  an d 
semanti c representation s i n th e lexicon . 

I n thi s paper ,  w e argu e tha t  thi s assumptio n abou t  th e 
natur e o f  sublexica l  processin g canno t  b e applie d withou t 
qualificatio n t o sublexica l  processe s i n readin g logographi c 
Chinese .  Sublexica l  processin g i n readin g Chinese ,  wliic h i s 
restricte d her e t o th e processin g o f  phoneti c radical s o f 
comple x o r  compoun d characters ,  i s  intrinsicall y relate d t o 
orthography ,  phonology ,  an d semantics .  Th e processin g o f 
phoneti c radicals ,  whic h m a y provid e phonologica l 
informatio n i n term s o f  th e pronunciatio n o f  th e complet e 
characters ,  no t  onl y contribute s t o th e mappin g from 
orthograph y t o phonolog y i n lexica l  access ,  bu t  als o 
generate s activatio n an d competitio n i n th e semanti c system . 

Structural Properties of Chinese Characters 

a n d Sub lex ica l  P h o n o l o g i c a l  P rocess in g 
Th e Chines e writin g syste m i s  ofte n describe d a s 
logographic ,  wher e th e basi c orthographi c units ,  th e 
characters ,  correspon d directl y t o morpheme s an d syllables . 
Chines e character s ca n b e broadl y differentiate d int o tw o 
categories :  simpl e an d complex ,  bot h o f  vAac h ar e 
compose d o f  stroke s an d arrange d i n square s o f  simila r  size . 
Simpl e character s (e.g. ,  X ,  y i  (4)' ,  righteousness ) 
constitut e abou t  3 % o f  th e tota l  character s i n Morde n 
Chinese ,  an d the y ar e holisti c visua l  pattern s tha t  d o no t 
represen t  phonologica l  informatio n a t  th e sublexica l  level . 
Comple x o r  compoun d characters ,  however ,  d o encod e 
phonologica l  informatio n a t  thi s level .  Thes e character s 
(e.g. ,  i X yi(4) ,  discuss )  ca n b e divide d meaningfiill y  int o 
component s an d mos t  o f  the m ar e compose d o f  a  semanti c 
radica l  o n th e lef t  an d a  phoneti c radica l  o n th e right, 
althoug h som e arrang e thei r  radical s i n differen t  ways . 
Semanti c radical s hav e th e fimctio n o f  indicatin g th e 
semanti c categor y o f  morpheme s correspondin g t o th e 
comple x characters ,  wiiil e phoneti c radical s hav e th e 
functio n o f  pointin g t o th e pronunciation s o f  wtiol e 
characters .  However ,  bot h function s ar e no t  reliable ,  wit h 
exception s an d irregularitie s littere d ove r  th e writin g system . 

'Throug h th e paper ,  th e pronunciation s o f  Chines e word s ar e 
give n i n Pinyi n -  th e Chines e alphabeti c system .  Number s i n 
bracket s represen t  th e tone s o f  syllables . 
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The phonologica l  relation s betwee n phoneti c radical s an d 
th e comple x character s the y ar e embedde d i n ca n roughl y b e 
differentiate d int o fou r  type s (Tabl e 1) .  Les s tha n 3 0 % o f 
comple x character s hav e th e sam e pronunciation s a s thei r 
phoneti c radicals ,  whil e abou t  on e thir d o f  comple x 
character s diffe r  from  thei r  phoneti c radicals ,  a t  leas t  a t  th e 
segmenta l  level .  Abou t  anothe r  on e thir d o f  comple x 
character s hav e eithe r  th e sam e segmenta l  template s o r  th e 
same rhymin g part s a s thei r  phoneti c radicals .  However ,  i t 
shoul d b e note d tha t  th e sam e phoneti c radical s coul d b e 
involve d i n som e o r  al l  o f  th e fou r  categories ,  and ,  mor e 
importantly ,  th e phoneti c radical s themselve s ar e 
independen t  characters ,  havin g thei r  o w n meanings . 

Typ e 

Regula r 

Phoneti c Radica l 

^ 
yang(2 ) 

(sheep ) 

Semi-regula r  W 

Rhymin g 

Irregula r 

qing(l ) 

(blue ) 

t 
wang(2 ) 

(die ) 

a 
bai(2 ) 

(white ) 

Comp le x Characte r 

•# 
yang(2 ) 

(ocean ) 

m 
qing(2 ) 

(affection ) 

i t 
mang(2 ) 

(busy ) 

W 
pa(4 ) 

(fear ) 

Tabl e 1  Th e phonologica l  relation s betwee n phoneti c 
radical s an d comple x character s 

There is evidence that the Chinese reader does use the 
phonologica l  informatio n conveye d b y phoneti c radicals , 
especiall y wiie n readin g lo w frequency  comple x characters . 
Seidenber g (1985 )  foun d tha t  regula r  comple x characters ,  o r 
character s havin g th e sam e pronunciation s a s thei r  phoneti c 
radicals ,  ar e name d faste r  tiian frequency-matched  simpl e 
characters ,  bu t  onl y fo r  lo w frequency  ones .  Fang ,  H o m g , 
and Tzen g (1986 )  investigate d bot h regularit y an d 
consistenc y effect s i n namin g characters ,  wher e consistenc y 
was define d accordin g t o %\̂ ethe r  al l  comple x character s 
wit h a  particula r  phoneti c radica l  ar e pronounce d i n th e 
same wa y a s th e radical .  Th e author s observe d a  consistenc y 
effec t  bu t  no t  a  regularit y effect .  Regular-consisten t 
character s wer e name d faste r  tha n regular-inconsisten t 
characters .  Subsequen t  studie s i n genera l  hav e foun d bot h 
consistenc y an d regularit y effect s (Hue ,  1992 ;  Peng ,  Yang , 
& Chen ,  1994) . 

The typica l  accoun t  o f  thes e regularit y an d consistenc y 
effect s i n readin g comple x character s wa s i n term s o f 
Glushko' s (1979 )  activation-synthesi s mode l  an d 
Seidenberg' s (1985 )  tim e cours e mode l  o f  orthographi c an d 
phonologica l  activation .  Accordin g t o thes e models ,  i n 
initia l  lexica l  access ,  salien t  orthographi c unit s ar e extracte d 

from  visua l  inpu t  an d use d t o activat e i n paralle l  thei r 
correspondin g orthographi c an d phonologica l 
representation s i n th e lexicon .  Th e phonologica l  activatio n 
i s syntiiesize d accordin g t o th e interactiv e principle s t o 
manifes t  th e regularit y o r  consistenc y effect s i n naming .  Th e 
interactio n betwee n thes e effect s an d frequency  i s explaine d 
by th e relativ e tim e cours e o f  orthographi c an d phonologica l 
activation ,  wlier e th e orthographi c processin g o f  hig h 
frequency  word s i s sufficientl y fas t  t o allo w wor d 
recognitio n befor e phonologica l  activation ,  bu t  th e 
orthographi c processin g o f  lo w frequency  word s i s no t 
efficien t  an d phonologica l  activatio n ha s tim e t o accru e t o 
influenc e wor d recognition .  T o pu t  i n a  slightl y differen t 
way,  th e phonologica l  outpu t  fo r  hig h frequency  word s i s 
base d mainl y o n thei r  o w n phonologica l  representations , 
v M c h ar e activate d efficientl y throug h direc t  visua l  mappin g 
and/o r  vi a semantics ,  whil e di e phonologica l  outpu t  fo r  lo w 
frequency  word s i s influence d b y phonologica l 
representation s o f  othe r  orthographicall y simila r  word s 
activate d i n paralle l  from  orthography . 

The issue s fo r  tiie  presen t  researc h ar e wiiethe r  w e ca n 
obtai n mor e direc t  evidenc e o f  phonologica l  activatio n o f 
phoneti c radical s and ,  mor e importantly ,  %\1iethe r  th e 
sublexica l  processin g o f  phoneti c radical s i n readin g 
comple x character s i s als o a  semanti c event ,  involvin g 
acces s t o semanti c representation s correspondin g t o thes e 
radicals . 

Phonological and Semantic Processing of 

P h o n e t i c R a d i c a l s 
We use d a  prime d namin g paradig m t o investigat e th e 
phonologica l  an d semanti c processin g o f  phoneti c radical s 
i n readin g comple x characters .  I n thi s paradigm ,  prim e 
character s wer e presente d briefly ,  overwritte n immediatel y 
by targets .  Subject s wer e require d t o rea d alou d th e target s 
and thei r  namin g latencie s an d respons e error s wer e 
recorded .  Th e phonologica l  o r  semanti c relation s betwee n 
prime s an d target s wer e systematicall y manipulated . 
Comple x character s wer e use d a s prime s i n Experiment s 1 
and 2  an d a s target s i n Experimen t  3 .  Th e phoneti c radical s 
of  comple x characters ,  rathe r  tha n comple x character s 
themselves ,  wer e phonologicall y (Experimen t  1 )  o r 
semanticall y (Experiment s 2  an d 3 )  relate d t o th e target s o r 
primes .  I n orde r  t o isolat e an y primin g effect s t o th e 
processin g o f  phoneti c radicals ,  w e us e onl y irregula r 
comple x character s (wit h left-righ t  structure) ,  sinc e regula r 
and semi-regula r  comple x character s shar e phonologica l 
form s wit h thei r  phoneti c radical s an d an y primin g effect s i n 
th e presen t  paradig m coul d b e due ,  directi y o r  indirectly ,  t o 
th e processin g o f  th e whol e comple x characters . 

Experiment 1: Phonological processing of phonetic 
radical s 

Experimen t  1  investigate d th e sublexica l  phonologica l 
processin g o f  phoneti c radical s i n readin g (irregular ) 
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comple x characters .  I f  readin g Chines e involve s 
decomposin g phoneti c radical s fro m comple x character s an d 
usin g the m t o acces s thei r  o w n phonologica l  representation s 
i n th e lexicon ,  w e shoul d observ e a  phonologica l  primin g 
effec t  betwee n phoneti c radical s embedde d i n comple x 
character s an d character s homophoni c t o th e radicals . 
Moreover ,  i f  th e automati c decompositio n o f  comple x 
character s i s modulate d b y th e frequency  o f  comple x 
characters ,  w e shoul d find  th e homophon e primin g effec t  fo r 
lo w frequency  irregula r  comple x characters ,  bu t  no t  fo r  hig h 
frequency  ones . 

Low 

H o m o p h o ne 

^ 
zu(2 ) 

(soldier ) 

X 
qian(4 ) 

(owe ) 

Comple x 

w 
cui(4 ) 

(pure ) 

?*: 
ci(4 ) 

(sequence ) 

Contro l 

t l 
heng(2 ) 

(permanent ) 

I t 
bi(3 ) 

(compare ) 

Targe t 

m 
zu(2 ) 

(clan ) 

ft 
qian(4 ) 

(pretty ) 

Hig h 

Tabl e 2  Experimen t  1 :  Desig n an d sampl e stimul i 

As indicated in Table 2, target characters were preceded 
by comple x character s wiios e phoneti c radical s wer e 
homophoni c t o th e targets .  The y wer e als o precede d b y th e 
radical s o n thei r  own ,  whic h serve d a s homophon e primes . 
T wo type s o f  comple x character s wer e differentiate d 
accordin g t o thei r  frequencies.  Ther e wer e 5 1 lo w frequency 
and 3 3 hig h frequency  comple x characters .  Contro l  prime s 
wer e chose n t o matc h wit h comple x prime s o n frequency, 
visua l  complexit y (i n term s o f  th e numbe r  o f  strokes) ,  an d 
structur e (al l  left-righ t  compositio n o f  semanti c an d phoneti c 
radicals) .  Ther e wer e n o orthographi c similaritie s o r 
semanti c relation s betwee n target s an d primes .  Th e S O A 
(stimulu s onse t  asynchrony )  betwee n prime s an d target s wa s 
set  a t  10 0 msec .  On e hundre d pair s o f  unrelate d word s wer e 
use d a s fillers. 

M e an namin g latencie s ar e reporte d i n Figur e 1 .  Respons e 
error s wer e to o infrequen t  t o allo w statistica l  analysis .  Th e 
analyse s o f  reactio n time s showe d a  significan t  mai n effec t 
of  prim e typ e (p<.01) .  Pos t  ho c Newman-Keul s test s showe d 
tha t  th e mea n reactio n time s i n homophon e an d comple x 
primin g condition s wer e significantl y faste r  tha n i n th e 
contro l  conditio n (p<.01) .  Moreover ,  th e mea n reactio n tim e 
i n th e homophon e conditio n wa s als o faste r  tha n th e mea n 
reactio n tim e i n th e comple x conditio n (p<.01) .  Althoug h w e 
di d no t  fin d a n significan t  interactio n betwee n prim e typ e 
and frequency  i n th e mai n tests ,  separat e analyse s fo r  lo w 
and hig h frequency  comple x prime s showe d tha t  whil e th e 
mean namin g latenc y fo r  lo w frequency  comple x prime s wa s 
significantl y faste r  tha n th e contro l  baselin e (p<.05) ,  th e 
mean reactio n tim e fo r  hig h frequency  comple x prime s di d 
not  diffe r  from  th e contro l  primes . 

640 

^630 

S 620 
a 
^^^ ^ 
o 
•§ 60 0 
^ 590 
1*580 
§ 570 

560 

550 

& 

609 

1 

22 

'• ^  59 8 

581 

1 
LOW H I G H 

I  Homophone n Comple x •Contro l 

Figur e 1  Experimen t  1 :  M e a n namin g latencie s 

Three observations can be made from the above analyses. 
First ,  th e significan t  homophon e primin g effec t  betwee n 
radica l  prime s an d target s suggest s tha t  th e presentatio n o f 
homophon e prime s activate s phonologica l  representation s 
the y shar e wit h th e targets .  Althoug h ther e i s som e doub t 
abou t  th e automaticit y o f  phonologica l  activatio n i n readin g 
Chinese ,  mos t  evidenc e suggest s thi s activatio n i s automati c 
(se e Zhou ,  i n press) . 

Second ,  sinc e comple x character s wer e neithe r 
phonologicall y no r  orthographicall y no r  semanticall y relate d 
t o targets ,  th e facilitator y effec t  betwee n lo w frequency 
comple x prime s an d targe t  word s coul d onl y ste m from  th e 
fac t  tha t  phoneti c radical s embedde d i n th e comple x 
character s wer e homophoni c t o th e targets .  Thi s effec t 
indicate s tiiat  i n processin g comple x characters ,  phoneti c 
radical s ar e decompose d an d use d t o acces s th e 
phonologica l  representation s o f  thei r  own .  However ,  th e 
abilit y  t o decompos e phoneti c radical s an d gai n acces s t o 
thei r  phonolog y i s modulate d b y th e frequency  o f  comple x 
characters ,  a s indicate d b y th e differen t  pattern s o f  primin g 
effect s fo r  hig h an d lo w frequency  comple x primes .  Eithe r 
readin g hig h frequency  comple x character s involve s littl e 
decomposition ,  o r  th e transien t  phonologica l  activatio n o f 
phoneti c radical s embedde d i n comple x character s wa s 
suppresse d b y th e phonologica l  activatio n o f  comple x 
characters ,  wliic h ar e activate d faste r  tha n lo w frequency 
comple x character s an d henc e hav e mor e chanc e t o suppres s 
rivah y phonologica l  activation . 

Third ,  th e fac t  tha t  phonologica l  primin g b y phoneti c 
radical s i n comple x character s wa s smalle r  tha n primin g b y 
phoneti c radical s presente d alon e suggeste d tha t  i n readin g 
comple x characters ,  ther e wa s a  competitio n betwee n 
phonologica l  representation s correspondin g comple x 
character s an d phonologica l  representation s correspondin g 
t o phoneti c radicals .  Th e phonologica l  activatio n o f  radical s 
embedded i n comple x character s di d no t  reac h th e sam e 
leve l  a s wiie n thes e radical s wer e standin g alone . 
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Thes e findings  replicate d th e regularit y an d consistenc y 
effect s foun d i n singl e characte r  namin g (Hue ,  1992 ; 
Seidenberg ,  1985) .  The y ar e consisten t  wit h th e vie w tha t 
sublexica l  processin g o f  phoneti c radical s i n readin g 
comple x character s i s a t  leas t  i n par t  a  phonologica l  event . 
We believ e tha t  acces s t o phonologica l  representation s o f 
phoneti c radical s i s achieve d i n th e sam e wa y a s acces s t o 
phonologica l  representation s o f  th e whol e comple x 
characters ,  i.e. ,  mappin g fi-om  orthographi c inpu t  t o 
phonologica l  representations . 

Experiment 2: Semantic processing of phonetic radicals 
Thi s experimen t  examine d wiiethe r  sublexica l  processin g i n 
readin g comple x character s automaticall y activate s th e 
semanti c propertie s o f  th e phoneti c radicals ,  eve n thoug h 
thi s semanti c activatio n doe s no t  contribut e t o th e processin g 
of  comple x character s themselves .  W e use d th e semanti c 
associate s o f  phoneti c radical s a s target s an d th e irregula r 
comple x character s a s primes .  I f  th e phoneti c radical s wer e 
automaticall y decompose d an d use d t o acces s thei r  o w n 
semanti c representation s i n readin g comple x characters ,  di e 
activatio n o f  thes e semanti c representation s shoul d facilitat e 
th e processin g o f  thei r  semanti c associates . 

>emanti c 

t 
qing(l ) 

(blue ) 

Comp le x 

^ 
cai(l ) 

(guess ) 

Contro l 

m 
bo(l ) 

(wave ) 

Targe t 

^ 
zi(3 ) 

(purple ) 

Tabl e 3  Experimen t  2 :  Desig n an d sampl e stimul i 

Fifty-one complex characters (e.g., ?t cai(l), guess), 
v̂ dios e phoneti c radical s (e.g. ,  #  qing(l) ,  blue )  hav e clea r 
semanti c associate s (e.g. ,  ̂  zi(3) ,  purple) ,  wer e selected . 
The phoneti c radical s an d th e comple x character s ha d 
differen t  pronunciation s an d wer e no t  semanticall y related . 
Becaus e o f  restriction s o n th e selectio n o f  stimuli ,  onl y lo w 
and mediu m frequency  comple x character s wer e used .  Ther e 
wer e n o orthographi c an d phonologica l  relation s betwee n 
prime s an d targets .  Contro l  prime s (e.g. ,  ' ^  bo(l) ,  wave ) 
wer e chose n t o matc h wit h comple x prime s o n frequency, 
visua l  complexit y an d structure .  Sixt y pair s o f  unrelate d 
character s wer e use d a s fillers. 

T wo S O A s betwee n prime s an d target s wer e used ,  on e 5 7 
msec an d on e 10 0 msec .  M e a n namin g latencie s ar e reporte d 
i n Figur e 2 .  F e w namin g error s wer e mad e an d ar e no t 
reporte d here .  Statistica l  analyse s reveale d a  significan t 
mai n effec t  o f  prim e typ e (p<.001 )  an d n o interactio n 
betwee n prim e typ e an d S O A (p>.l) .  Pos t  ho c test s showe d 
a significan t  effec t  o f  semanti c priming ,  bot h agains t  contro l 
prime s an d agains t  comple x prime s (p<.01) .  M o r e 
importantly ,  th e 10-mse c advantag e o f  comple x primes ,  a s 
agains t  contro l  primes ,  wa s als o significan t  (p<.01) . 

The stron g effect s o f  semanti c prime s suggeste d tha t  th e 
semanti c activation ,  du e t o direc t  acces s from  orthography , 
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Figur e 2  Experimen t  2 :  M e a n namin g latencie s 

can efficiently flow to phonology, resulting in the 
facilitator y effect s i n namin g (Zhou ,  i n press ;  Zho u & 
Marslen-Wilson ,  1996 ;  Zho u e t  al. ,  1996) .  M o r e 
importantly ,  th e significan t  primin g effect s betwee n comple x 
character s an d th e semanti c associate s o f  thei r  phoneti c 
radical s demonstrate d tha t  ther e i s indee d a n automati c 
decompositio n proces s i n readin g comple x characters .  Th e 
phoneti c radical s o f  comple x character s ar e use d t o acces s 
not  onl y thei r  correspondin g for m representation s i n th e 
lexicon ,  bu t  als o thei r  semanti c properties ,  \\iiic h ar e 
irrelevan t  t o th e comple x characters .  Th e smalle r  primin g 
effec t  betwee n comple x prime s an d targets ,  compare d wit h 
direc t  semanti c priming ,  suggest s tha t  ther e i s stron g 
competitio n i n th e semanti c syste m betwee n representation s 
correspondin g t o th e vAiol e comple x character s an d 
representation s correspondin g t o th e phoneti c radicals .  Thi s 
competitio n influence d th e semanti c an d henc e phonologica l 
activatio n level s o f  targe t  words . 

Experiment 3: Semantic processing of phonetic radicals 
revisite d 

Th e purpos e o f  thi s experimen t  wa s t o collec t  convergin g 
evidenc e fo r  th e automati c decompositio n o f  phoneti c 
radical s an d th e activatio n o f  thei r  semanri c properties .  I f 
readin g comple x character s involve s decomposin g phoneti c 
radical s an d usin g the m t o acces s thei r  o w n semanti c 
representations ,  th e presenc e o f  semanti c primes ,  relate d t o 
phoneti c radical s bu t  no t  t o comple x characters ,  shoul d 
facilitat e thi s decompositiona l  proces s an d increas e th e 
activatio n leve l  o f  semanti c representation s o f  phoneti c 
radicals .  Tha t  wil l  i n tur n increas e th e competitio n betwee n 
semanti c representation s correspondin g t o comple x 
character s an d t o thei r  phoneti c radicals . 

Forty-fiv e comple x character s (e.g .  ? t  cai(l) ,  guess )  tha t 
wer e use d a s prime s i n Experimen t  2  wer e take n a s target s i n 
th e presen t  experiment ,  precede d b y semanti c associate s 
(e.g. ,  ̂  zi(3) ,  purple )  tha t  wer e relate d t o thei r  phoneti c 
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radicals .  Th e sam e comple x character s wer e als o prime d b y 
thei r  phoneti c radical s (e.g. ,  W qing(l) ,  blue )  i n anothe r 
condition .  N e w contro l  prime s wer e selecte d t o matc h wit h 
semanti c prime s o n frequency,  visua l  complexity ,  an d 
structure . 

Radica l 

# 
qing(l ) 

(blue ) 

Semanti c 

i k 

zi(3 ) 

(purple ) 

Contro l 

^ 
lie(4 ) 

(split ) 

Targe t 

m 
cai(l ) 

(guess ) 

Tabl e 4  Experimen t  3 :  Desig n an d sampl e stimul i 

T wo S O A s betwee n prime s an d target s wer e used :  10 0 
msec an d 20 0 msec .  M e a n namin g latencie s an d respons e 
erro r  percentage s ar e reporte d i n Tabl e 5 .  Highe r  erro r  rate s 
wer e obtaine d i n th e presen t  experimen t  tha n i n previou s 
experiments ,  becaus e th e comple x target s wer e mainl y o f 
lo w frequency. 

S O A I OO 

SOA200 

Radica l 

68 9 
(7.5 ) 

69 4 
(5.8 ) 

Semanti c 

65 9 
(6.0 ) 

67 8 
(5.2 ) 

Contro l 

64 2 
(6.3 ) 

65 0 
(6.0 ) 

Tabl e 5  Experimen t  3 :  M e a n namin g latencie s 
and erro r  percentage s 

Analyses of reaction times showed a significant main 
effec t  o f  prim e typ e (p<.001 )  an d n o effec t  o f  S O A 
manipulation .  Pos t  ho c test s reveale d tha t  th e mea n reactio n 
time s i n radica l  primin g condition s wer e significantl y slowe r 
tha n th e mea n reactio n time s i n th e othe r  tw o condition s 
(p<.01) .  Moreover ,  th e difference s betwee n th e mea n 
reactio n time s i n semanti c an d contro l  primin g condition s 
wer e als o significan t  (p<.05) . 

Th e significan t  inhibitor y effec t  o f  phoneti c radical s o n 
th e processin g o f  irregula r  comple x character s replicate d 
Zho u (1994 )  -wh o systematicall y manipulate d th e frequency 
o f  radical s an d comple x character s an d th e phonologica l 
relation s betwee n them .  However ,  i t  i s  difficul t  from  th e 
presen t  dat a t o pinpoin t  th e locu s o f  thi s effect .  Th e mor e 
interestin g finding  wa s tha t  th e presenc e o f  semanti c prime s 
relate d t o phoneti c radical s o f  comple x character s wa s abl e 
t o dela y th e activatio n o f  phonologica l  representation s o f 
comple x characters .  Thi s finding  i s consisten t  wit h th e vie w 
tha t  ther e i s a n automati c decompositio n proces s i n readin g 
comple x character s an d bot h phonologica l  an d semanti c 
propertie s o f  phoneti c radical s ar e activated .  Th e presenc e 
of  semanti c prime s increase s th e semanti c activatio n o f 
radicals .  Thi s activatio n eithe r  mcrease s it s competitio n 
wit h th e semanti c representation s o f  comple x character s o r 
sen d it s activatio n t o th e correspondin g phonologica l 
representation s an d intensif y thei r  competitio n wit h th e 

phonologica l  representation s o f  comple x characters .  Eithe r 
way,  th e phonologica l  activatio n i s easil y modifie d b y event s 
i n th e semanti c system . 

General Discussion 

I n thi s study ,  w e observe d phonologica l  activatio n o f 
phoneti c radical s i n readin g comple x character s an d it s 
interactio n wit h frequencies  o f  comple x character s 
(Experimen t  1) ;  an d mor e importantly ,  w e foun d evidenc e o f 
automati c decompositio n an d acces s t o semanti c propertie s 
of  phoneti c radical s i n readin g comple x character s 
(Experiment s 2 ,  an d 3) .  Thes e finding s demonstrat e tha t 
ther e ar e n o frindamental  difference s betwee n lexica l 
processin g an d sublexica l  processin g o f  phoneti c radical s i n 
readin g Chinese .  Thi s vie w i s consisten t  wit h th e claim s o f 
our  lexica l  processin g mode l  i n readin g Chines e (Zhou ,  i n 
press ,  Zho u &  Marslen-Wilson ,  1996 ;  Zho u e t  al. ,  1996) , 
whic h sfresse s th e predominan t  rol e o f  orthograph y i n initia l 
lexica l  access ,  th e effectiv e mappin g from  orthograph y t o 
semantics ,  th e automaticit y o f  phonologica l  activatio n from 
orthography ,  an d th e efficien t  flow  o f  semanti c activatio n t o 
phonology . 

Th e finding s o f  automati c activatio n o f  phonologica l 
representation s o f  phoneti c radical s an d it s interactio n wit h 
th e frequencies  o f  comple x character s provid e u s wit h a n 
explici t  accoun t  fo r  th e "phonological "  processin g o f 
pseudo-character s (Fan g e t  al. ,  1986 ;  Yi n &  Butterworth , 
1992 )  an d th e regularit y an d consistenc y effect s i n readin g 
Chines e (Fan g e t  al. ,  1986 ;  Hue ,  1992 ;  Pen g e t  al. ,  1994 ; 
Seidenberg ,  1985) .  Th e phonologica l  processin g o f 
unfamilia r  character s o r  pseudo-character s i s nothin g mor e 
tha n exfractin g meaningfu l  orthographi c pattern s (usuall y 
phoneti c radicals )  from  visua l  inpu t  an d mappin g the m ont o 
thei r  correspondin g phonologica l  (an d semantic ) 
representations .  Thi s decompositio n sfrateg y i s explicitl y  o r 
implicitl y  learne d an d coul d b e unde r  consciou s control .  I t  i s 
als o usefu l  i n readin g lo w frequency  comple x characters , 
wliic h ten d t o b e regular .  L o w frequency  comple x character s 
ar e mor e likel y t o b e decompose d tha n hig h frequency 
characters ,  partl y becaus e th e frequencies  o f  phoneti c 
radical s ar e usuall y m u c h highe r  tha n th e frequencies  o f 
comple x character s themselves .  Fo r  regula r  comple x 
characters ,  th e activatio n o f  orthographi c representation s 
correspondin g t o th e wdiol e comple x character s an d thei r 
phoneti c radical s lead s t o th e activatio n o f  th e sam e 
phonologica l  representations .  Fo r  irregula r  comple x 
characters ,  th e activatio n o f  orthographi c representation s 
correspondin g t o th e w^ol e comple x character s an d thei r 
phoneti c radical s lead s t o th e activatio n o f  tw o differen t 
phonologica l  representations .  Th e activatio n o f  tw o differen t 
semanti c representation s b y comple x character s an d b y thei r 
radical s reinforc e th e competitio n betwee n phonologica l 
representations .  Th e consistenc y effec t  i s  explaine d b y th e 
assumptio n tha t  th e phoneti c radical s i n comple x character s 
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map no t  onl y ont o thei r  o w n orthographi c an d phonologica l 
representations ,  bu t  als o th e representation s o f  othe r 
comple x character s havin g thes e radical s a s components . 
The competitio n and/o r  mutua l  suppor t  amon g thes e 
representation s produc e th e consistenc y effect s observe d i n 
th e namin g studies . 

The abov e accoun t  o f  phonologica l  processin g o f  phoneti c 
radical s i n readin g comple x character s i s no t  exactl y th e 
same a s th e account s fo r  th e regularit y an d consistenc y 
effect s i n readin g alphabeti c language s (e.g. ,  Colthear t  e t  al. , 
1993 ;  Frost ,  i n press ;  Seidenber g &  McClelland ,  1989) .  O n 
th e latte r  accounts ,  th e regularit y an d consistenc y effect s i n 
namin g ar e du e t o th e "assembly "  o f  phonolog y usin g 
grapheme-phonem e correspondences ,  eithe r  prelexicall y o r 
lexically .  Sublexica l  processin g provide s piecemea l 
informatio n o f  th e wliol e wor d phonology .  I n Chinese , 
however ,  th e sublexica l  phonologica l  processin g o f  phoneti c 
radical s provide s th e wiiol e wor d phonology ,  rathe r  tha n 
par t  o f  it .  Moreover ,  th e phonologica l  informatio n o f 
phoneti c radical s themselve s come s from  th e lexicon ,  a s 
"addressed "  phonology .  I n othe r  words ,  ther e ar e suc h 
thing s a s "prelexical "  phonolog y i n readin g Chinese .  Al l 
phonologica l  information ,  whethe r  fo r  whol e word s o r  fo r 
th e phoneti c radicals ,  come s from  th e direc t  acces s throug h 
orthographi c representation s i n th e lexico n (Zho u & 
Marslen-Wilson ,  1996) . 

The finding  o f  automati c activatio n o f  semanti c 
representation s o f  phoneti c radical s support s ou r  vie w tha t 
equatin g sublexica l  processin g t o lexica l  processin g i n 
readin g Chinese .  Althoug h th e semanti c propertie s o f 
phoneti c radical s hav e n o relation s wit h th e semanti c 
propertie s o f  th e whol e characters ,  the y ar e nevertheles s 
activate d t o mterfer e wit h th e semanti c processin g o f  th e 
\\diol e characters .  Thi s i s differen t  from  th e sublexica l 
processin g o f  orthographi c unit s i n readin g alphabeti c 
languages .  Ther e i s n o sublexica l  semanti c activatio n i n 
readin g English ,  eve n wiie n th e orthographi c unit s involve d 
happe n t o b e words .  W h e n w e ra n a  prime d namin g 
experimen t  simila r  t o Experimen t  2  here ,  wit h word s (e.g. , 
B O Y C O T T)  havin g embedde d word s (e.g. ,  B O Y )  a s prime s 
and semanti c associate s (e.g. ,  G I R L )  o f  th e embedde d word s 
as targets ,  w e foun d n o primin g effect s a t  al l  fo r  th e 
associates . 

Thus,  althoug h th e ide a o f  paralle l  mappin g betwee n 
visua l  inpu t  an d differen t  orthographic ,  semanti c an d 
phonologica l  representation s i n th e lexico n i s consisten t  wit h 
interactiv e an d connectiorus t  view s o f  lexica l  processin g 
(e.g. ,  Seidenber g &  McClelland ,  1989) ,  i t  i s  no t  clea r 
\\4iethe r  th e difference s i n sublexica l  processin g o f 
alphabeti c an d logographi c writin g system s reflec t 
fiindamenta l  difference s i n th e wa y differen t  orthographie s 
representin g th e soun d an d th e meanin g o f  lexica l  items .  I t  i s 
a challeng e fo r  student s o f  lexica l  processin g t o propos e a 
model  tha t  woul d accoun t  fo r  bot h th e Englis h an d Chines e 
data . 
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